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“fatigue farlure For the past 0 years an mdustnalrzed equ1valent

. “has been shot peemng, in‘which metal or ceramic ‘beads as large L
-as marblés or as small as salt and: pepper grains ‘pnéumiatically:
- bombard:a'metal surface. Laser peemng, aprocessbasedona

. jsupenor laser technology developed at Lawrence Livermore;

L ,replaces the hammer blows:and: streams of beads with short

blasts of laser light. The end resultisa plece of metal w1th
s1gmﬁcantly 1mproved performance. . : .
:Lawrence Livermore and Metal Improvement Company,

o Tne.; won a coveted R&D,100 Award for their laser-peemng
" processin 1998 (see_S&TR,’October 1998, pp. 12-13). Since

A jet engine

- fan blade
that is being
peened by

-a laser shot.

- Lawrence Livermore National Laboratory

’ _Peenmg wnth nght

oy Cooperatrve Research‘and Development Agreement| CRADA) :
: between Livermore and Metal Improvement Companyto-
develop a machine that makes laser peening a cost-effective

- solid-state; hlgh-energy (50-joule), neodyml'um-d ) ‘déglass‘
::systems and can peen about 1 square, meter of metal perhou

With each pulse of the laser, an:intense shock wave is'c
- over a roughly 5:millimeter by 5-millimeter:area and d

- res1dual compressive stress about 1 to 2 millimeters deep into
‘metal. In conventional peening, this compressed layeris only .

' provrded by conventlonal treatments

' ‘For Fan Blades and Knee Implants

'formmg technology that allows complex contourmg of
‘problematic. thick metal components ssuchy as the thick sections
. of large aircraft wings. There have also been: 'spinback
" applications to the Departinent of Energy § programs for

stockpile stewardship, fuel-efficient vehlcles and'long-term:
nuclear waste storage :

‘The concept ‘of laser: peemng i not new; but 1t took a DOE

option. The resultant LasershotSM Peening System uses a

laser; which pulses at a rate 20 times faster tharv other available

about 0.25 millimeter deep. The added depth iskey.-to' lase
peening’s superior ab111ty to keep cracks from’ propagatmg
and extends the:life of parts three to five trmes over that

Shot peening’ has long been used on automobile
springs and transmissions because. the treatmeént
increases resistance to cracks, corrosion, and fatigue.
Physicist Lloyd Hackel, who heads the Livermore
side of the joint development effort, says that the
automotive industry is now interested in applying
the depth compression afforded by laser peemng to-
automobile frames.

Traditionally, automakers have added mass to the
entire frame structure to achieve the required fatigue
lifetime and keep high-stress areas in frames from
cracking. Now, laser peening can extend fatigue '




i loaded‘w1th more stress; which can‘léad to joint, fallure'
What doyou: do? Until'how; the answer has beeir'to ‘undertak
a painful and risky operation every few years to replace the.
knee with a.larger model:”.In contrast, a: laser-peened me al
joint would be strong enough to'last: nearly a‘decade
~ The aerospace industry. also sees major. applrcatrons for
* -laser:peening, pamcularly in Jet engines. “If you look ata,
.- modern turbo jet engine such as those used'ina Boemg 177,
" says Hackel, “you’ll'see that it’s essentlally a grant propeller
engine, with the' fan blades in. the front and the compressor ;
j blades 1ns1de.’f These blades get hit by 4 variety of debris’
. »v,rncludrng ‘nuts and bolts seagulls sand,’and rocks ‘that can
" cause cracks. and faﬂure. Laser peening adds; safety while remove material of
- also lowering the’ hfe-cycle cost of each'fan blade: e weak ned : tthe m
~ *_Another use of laser peening for aerospace and other, ..
deustnes mvolves metal shapmg For mstance the leadmg

Laser peening a gear
at the base of its teeth
increases the strength
of the gear and its
fatigue lifetime.




i part’s “Laser peenmarkmg ] LENor
: crrmmals and really puta de t-ifi th ;‘;‘)
' ” says Hackel AT

the efﬁc1ency of laser ‘peen\marklng In Tune 2001 three laser-

- onto.the space station to face the shpstream solar- wmd After
three years they II'be retneved and exarmned to see. how well
they held up in the-hostile- space envrronment :

Laer:
. peenmarking
"+ prints a‘complete -

high-quality, -
machine-readablé .~
matrix'mark that -
" could deterthe

countéreiting of *

metal parts. This

datamatrix ®

. represents the '
- number-string
" 4123456."-

To test the resistance of laser-peened welds to corrosion, the team took
. two welded pieces of 304 stainless steel and bathed them'ina 40-percent
solution of magnesium chlorlde, a highly corrosive salt, at 160°C. Cracks
developed in the unpeened weld within 24 hours, whereas the laser-
peened weld showed no observable cracks after a week of exposure.

peenmarked parts are tentatwely ‘scheduled’to ridé‘on 'the NASA: -
shuttle to the? 1ntematlonal space station. The parts will be- bolted "

.+ ihe camster welds sould cause the canisters to fai prematurely
- Expérimeéiits. show that laser peening the welds would keep :
» ‘eorrosion and crackmgs bay, allowmg the camster to remam :
fmtact for 10,000 years'and’more. : :

- materials. The laser-peening team drscovered that:

.~~providing them withian enormous amount-ofdata ari

* for the DOE— particularly the Office.of Transportatlon :
. Technology—in'terms-of reducmg the welght ofivehicles.
) DoD would also benefit, from getting better fuel efficiericy
“tin the field and also for airlift capablhty :

“In‘the Stockpile Stewardship Program one: research drea
seeks to determine the effect of intense stram Jof.variou

generate meaningful strain rates' and effects through shock :
waves created by the laser peemng process.. “We can grve
stockpile: stewardshrp cientists 10 laser shots a'minute,”

1nformatnon, L says Hackel-The process; ‘he adds; can g1ve o

i these sc1ent1sts exqu1s1te ‘control over test parameters,

including the 1ntens1ty, duratlon,
shock-wave,..
"As for DOE’s efforts in promotmg fuel efﬁcrency ir
vehxcles ‘Hackel says, *I see peening as another spmback :

and proﬁ_le of the desrr'ed o

Far-Reachmg Technology
- Going ffom ball-peen hammers to laser hght takes a b1g Jump

in technology The applications of laser peening—some-known

years ago, others newly d1scoveregl—are just as far-reaching.

_“What we’ve come to,”:says.Hackel; “is an active CRADA:

that’s working to:field the technology for specific industries
and spinning it back w1th 1mportant benefits to Laboratory

“and DOE work

—Ann Parker

-Key Words: Laser peening, Stockpile Stewardship Program,

Yucca Mountain Nuclear Waste Disposal Program. -

For further information v‘contact'l.‘loyd Hackel (925) 422-9009
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